Surfactant protein A (SP-A) is a major apo-protein of pulmonary surfactant, which lines the alveolar walls, lowering the surface tension to prevent lung collapse. Pregnant rats were divided into two groups which received a diet with either 5% or 20% protein from gestational day 9. By a sensitive immunoassay, SP-A levels in the fetal lungs and the amniotic fluid showed a dramatic increase with advancing gestation after the initial appearance on gestational day 18 in both diet groups. Significantly lower levels of SP-A in pregnant rats fed 5% protein diet than those in pregnant rats fed 20% protein diet were observed in the fetal lungs on gestational day 21 and in the amniotic fluid on gestational days 20 and 21. The profiles of increased SP-A levels in the amniotic fluid reflected those in the fetal lungs during gestation. Immunohistochemical examination with anti-rat SP-A antibody at 21 days of gestation showed that the immunoreactive staining of bronchiolar epithelial Clara cells and alveolar type II cells were weaker in the fetal lung sections from pregnant rats fed 5% protein diet than in those from pregnant rats fed 20% protein diet. It is concluded that protein malnutrition in pregnant rats affects the biosynthesis of SP-A in the fetal lungs, which may have important consequences for prematurity and decreased respiratory functions in the neonatal lungs at birth.
T. KOHRI et al. bronchiolar fluid is important for newborn infants' survival (3) . In prematurely developed newborn lungs, deficient pulmonary surfactant in the lung fluids is believed to cause respiratory distress syndrome. Surfactant protein A (SP-A) is the most abundant protein associated with pulmonary surfactant (4) , enhancing the surface tension-lowering properties of phospholipid mixtures (5) . Components of pulmonary surfactant appear in the amniotic fluid after passing though the respira tory tracts of the fetal lungs during pregnancy, and are correlated with the amount of pulmonary surfactant in the fetal lung fluids. SP-A and phospholipids in the amniotic fluid have therefore been used to estimate fetal lung maturation, and also as predictors of respiratory distress syndrome (6) (7) (8) .
There is much evidence for the expression profile of pulmonary surfactant proteins during fetal lung development in humans (9) (10) (11) and rodents (12) (13) (14) . However, there are few or no reports regarding the effects of nutritional states of pregnant mothers on surfactant protein levels in the fetal lungs. Malnutrition during pregnancy causes a delay in fetal lung maturation, and decreased respiratory functions in newborn infants (15, 16) . The purpose of the present study was to investigate the effects of protein malnutrition on the levels of SP-A in the fetal lungs and the amniotic fluid in pregnant rats. We report here that the levels of SP-A in the fetal lungs and the amniotic fluid were significantly lower in protein-malnour ished pregnant rats than the levels in normally nutritional pregnant rats. These fi ndings add to our understanding of prematurety and decreased respiratory func tions in newborn infants delivered from malnourished mothers. 
RESULTS
Pregnant rats receiving 20% or 5% protein diet ate a total of 258g and 221g of their particular diet during the pregnancy, respectively. The changes in body weight of the pregnant rats during the gestational period are shown in Table 1 . From gestational day 16, the body weight of pregnant rats fed the 5% protein diet was significantly lower than that of pregnant rats fed the 20% protein diet. Figure 1 shows the body (A) and lung (B) weights of the fetus from gestational day 18, which were significantly lower in the fetus of pregnant rats fed the 5% protein diet than in the fetuses of pregnant rats fed the 20% protein diet.
The increasing presence of SP-A in the fetal lungs over the gestational period and in neonatal rat lungs immediately after birth was assessed by a sensitive immunoassay (Fig. 2) . The levels of SP-A were normalized by fetal lung protein content ( Fig. 2A) or tissue weight of the fetal lungs (Fig. 2B) . The presence of SP-A was first detectable in the fetal lungs at 18 days of gestation in the 5% protein diet group (2.1ng/mg of lung weight and 33.2ng/mg of lung protein) and in the 20% protein diet group (3.0ng/mg of lung weight and 50.0ng/mg of lung protein), after which the levels of SP-A increased dramatically and reached 122ng/mg of lung weight and 1,844ng/mg of lung protein in the 20% protein diet group and 75.1 ng/mg of lung weight and 1,346ng/mg of lung protein in the 5% protein diet group at the final gestational day (day 21). The levels of SP-A in the fetal lungs of each group were not significantly different until the gestation progressed to day 20. Significantly lower levels of SP-A in fetal lungs at the final gestational day (day 21) and neonatal rat lungs immediately after birth were observed in pregnant rats fed the 5% protein diet than in pregnant rats fed the 20% protein diet. Immunohistochemically, the fetal lungs from pregnant rats fed the 20% protein diet at gestational day 21 contained many positive cells against the anti-SP A antibody (Fig. 3A) . Almost all alveolar spaces, although narrow, were open, where alveolar type II cells were stained with the anti-SP-A antibody. The respiratory bronchioles showed an intense staining with the antibody in nonciliated epithelial cells, identifyied as Clara cells. Large and amorphous materials labeled with the anti-SPA antibody in bronchial spaces were frequently observed. In the fetal lungs from pregnant rats fed the 5% protein diet (Fig. 3B) , the intensity of the cells stained positively for the anti-SP-A antibody was weaker than that from pregnant rats fed the 20% protein diet. The amorphous materials stained with the anti-SP-A antibody in the bronchial space appeared less frequently in the 5% protein diet group than in the 20% protein diet group.
By the immunoassay shown in Fig. 4 , the presence of SP-A was first detectable at gestational day 18 in the amniotic fluid of pregnant rats fed 5% (12.4ng/ml) and 20% protein diets (20.0ng/ml), after which it dramatically increased and reached 134ng/ml (5% protein diet group) and 700ng/ml (20% protein diet group) at the fi nal gestational day (day 21). Significantly lower levels of SP-A in the amniotic fl uid were observed in the 5% protein diet group than in the 20% protein diet group at gestational days 20 and 21.
DISCUSSION
There is a maturational delay in the lungs of fetuses of malnourished mothers, including decreased lung glycogen and the size of the lungs (16). Guarner et al. reported that phosphatidyl choline, a surfactant lipid component, is decreased in the fetal lungs derived from malnourished pregnant rats (15) . The present study showed that the levels of SP-A in the fetal lungs and the amniotic fluid from protein-malnourished pregnant rats were significantly lower than those from preg nant rats receiving a normal protein diet. SP-A plays an important role in enhancing the surface tension-lowering properties of the surfactant monolayer on the alveolar walls to prevent the lung collapse in collaboration with other hydro phobic surfactant proteins (5). Timely, adequate production of pulmonary sur factant in the fetal lungs is important for newborn infants to survive at birth. The present results suggest that malnourished pregnant mothers have a greater risk of producing a newborn with premature lungs and decreased pulmonary surfactant mediated respiratory functions. The decreased SP-A levels in the fetal lungs from protein-malnourished rats were confirmed by immunohistochemistry, which showed weak stainings for the anti-SP-A antibody in both alveolar type II cells and bronchiolar Clara cells in the fetal lung sections from pregnant rats fed the 5% protein diet as compared with those from pregnant rats fed the 20% protein diet. The staining of large and amorphous materials with the anti-SP-A antibody in the bronchial spaces, indicating the presence of a large amount of pulmonary surfac tant, was weaker and less prevalent in the fetal lungs from pregnant rats fed the 5% protein diet than those from pregnant rats fed the 20% protein diet. The synthesis of pulmonary surfactant proteins is regulated by a number of hormones and factors, including glucocorticoids, prolactin, insulins, growth factors, estrogens, androgens, thyroid hormones and cAMP (21) . On the other hand, little is known about whether nutritional states affect the synthesis of pulmonary surfactant proteins in the lungs. Only our previous report showed that pulmonary surfactant obtained from adult rats at an early phase of starvation had a high content of SP-A (18) . SP-A is also involved in regulating surfactant homeostasis (22) and alveolar macrophage functions, including increased phagocytic activity (18, 23) and chemo taxis (24) . We also reported that pulmonary surfactant suppresses the infections of T. KOHRI et al.
the influenza virus and Sendai virus in rat lungs in vitro and in vivo (25) . The present finding of the decreased levels of SP-A in the fetal lungs from protein malnourished rats suggests a decreased SP-A-mediated immune response in new born infants. It is debatable whether SP-A is important in the immunological defense system in the neonatal lungs. SP-A is produced and secreted into the airway lumen by alveolar type II cells and bronchial and bronchiolar Clara cells in humans and rodents (4) . The components of pulmonary surfactant appear in the amniotic fluid after passing through the respiratory tracts. Pulmonary surfactant lipids in human amniotic fl uid are useful for estimating fetal lung maturity, because the phospholipids , especially saturated phosphatidylcholine, phosphatidylglycerol and phosphatidyl inositol, contribute to the amount of pulmonary surfactant in the lung fluid (6) . SP-A in human amniotic fluid has also been assessed to estimate fetal lung maturation (7, 8) . In the present study, the SP-A in the amniotic fluid of pregnant rats were first detectable at gestational day 18 in both diet groups , and then dramatically increased in both diet groups. After the first detectable levels of SP-A , the SP-A in the amniotic fluid at gestational days 20 and 21 was significantly lower in pregnant rats fed the 5% protein diet than in pregnant rats fed the 20% protein diet. The profile of the SP-A levels in the amniotic fluid in each group was correlated with that of SP-A levels in the fetal lungs (Figs . 2 and 4) . These results indicate that protein malnutrition affects the amount of SP-A in the amniotic fluid , and suggests that measurement of SP-A in the amniotic fluid of malnourished mothers is meaningful for estimating fetal lung maturity in malnourished as well as nutritionally normal pregnant mothers.
In conclusion, this is the first report of decreased levels of SP-A in the fetal lungs and the amniotic fluid from pregnant rats maintained in a protein-malnour ished state. We believe that protein malnutrition in pregnant rats affects the biosynthesis of SP-A in the fetal lungs, which may have important consequences for prematurity and decreased respiratory functions in the neonatal lungs at birth.
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